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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to optical waveguide usable to the optical device used in the optical- 
communication field and the optical-information-processing field, and its producing method. 
[0002] 

[Description of the Prior Art] optical waveguides, such as the former and this kind of waveguide mold optical element, 
- quartz glass or LiNb03 etc. — it is produced, using a dielectric crystal as an ingredient. In order to carry out the need 
of the micro processing, the photolithography, the dry etching process, etc. of being well used in an LSI process were 
combined with the production. It is Optical according to Mr. Masao Kawauchi about this, and Quantum 22 Electronics 
(es) 391 pages (1990) are consulted. 

[0003] However, the manufacture process of the conventional producing method was complicated, and since the 
production equipment used was expensive, it was not suitable for mass production method, and had the fault that 
optical waveguides, such as a cheap component, were unproducible. 

[0004] Moreover, in order to require precise adjustment in case other optical components and optical coupling, such as 
an optical fiber, are performed after that even if it produces optical waveguides, such as a component, by the 
conventional producing method, there is a problem of not being suitable in mass production method. 
[0005] Furthermore, producing optical waveguide using recently more cheap ingredient and polymeric materials is also 
performed. It is Electronics [ this / else / Imamura Mr. ]. Letters 27-volume 1342 pages (1991) are consulted. However, 
for that it is necessary to repeat the same pattern NINGU process for every one substrate, an etching system being 
expensive, etc., supposing it uses the waveguide producing method same as a producing method as glass waveguide, 
even if cheap in ingredient, the whole process cost requires glass waveguide and this extent, and has the fault of not 
becoming cheap as a result. Moreover, in order to require precise adjustment also in this case in case other optical 
components and optical coupling, such as an optical fiber, are performed after that even if it produces waveguide, there 
is a problem of not being suitable in mass production method, too. 

[0006] Then, in order to lower process cost, or in order to avoid the complicatedness of optical coupling, the approach 
of producing macromolecule waveguide by the macromolecule fabricating methods, such as injection molding by the 
imprint of metal mold, is also proposed. Although this was the producing method suitable for mass production method, 
there was a fault which cannot realize waveguide which has sufficient optical property in production of the single mode 
waveguide as which the process tolerance of several micrometer order is required. 
[0007] Moreover, using the metal mold produced based on V recessing performed to Si substrate by such 
macromolecule fabricating method, it unites with macromolecule waveguide and the V groove is produced, association 
with the optical fiber arranged on the V groove is made simple, and the idea of lowering the cost in connection with 
waveguide production of an optical element etc. is also proposed. However, especially in association with single mode 
waveguide and single-mode optical fiber, since especially the alignment precision below several micrometer order was 
required, there was a fault which cannot produce the waveguide which has joint loss low enough. Each of these 
originates in the metal mold dimension mainly used at the time of shaping differing from the imprint dimension of the 
macromolecule part after shaping greatly. 
[0008] 

[Problem(s) to be Solved by the Invention] The 1st purpose of this invention can be cheap, can be produced simple, 
moreover, is waveguide, especially the waveguides for single modes, such as a highly efficient optical element, and is 
in the alignment precision below several micrometer order to offer easily the optical waveguide in which optical 
coupling is possible by low loss with other optical components. 
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[0009] The 2nd purpose of this invention is to offer the efficient method of producing this optical waveguide. 
[0010] 

[Means for Solving the Problem] The factor for solving the above-mentioned technical problem in this invention is 
explained briefly. 

[001 1] (1) In the waveguide production process which produces optical waveguides, such as an optical element, in case 
using the processing method suitable for mass production method not using large-scale equipment, (2) ingredient cost's 
being low and using polymeric materials with easy processing, and (3) optical waveguides are produced, simplifying 
the activity for the optical coupling after production as much as possible etc. is mentioned using the metal mold in 
consideration of alignment with other light components, such as an optical fiber. 

[0012] It is based on producing optical waveguide by the fabrication which imprints the pattern of the metal mold 
which is the processing method which was suitable for mass production method in cheap polymeric materials in this 
invention. The problem in this case is in the point that the metal mold dimension used at the time of shaping will differ 
from the imprint dimension of the macromolecule part after shaping greatly, as mentioned above. In order to take the 
approach of this fabricating under an elevated temperature, putting a very big pressure although a macromolecule is 
fabricated for example, after injection molding, and cooling to a room temperature after that, when using for glass etc. 
the polymeric materials which have the coefficient of thermal expansion of a proper large single or more figures, 
making small the difference of the metal mold dimension used at the time of shaping and the imprint dimension of the 
macromolecule part after shaping has many difficult things. 

[0013] Then, in order to attain the 1st purpose of the above, in the optical waveguide which invention according to 
claim 1 surrounds a core and this core, and has the clad of a low refractive index at least rather than this core, said core 
is characterized for the mixture of the monomer or oligomer which has an epoxy ring, and a polymerization initiator by 
photo-curing or heat-hardening. 

[0014] In the optical waveguide which invention according to claim 2 surrounds a core and this core, and has the clad 
of a low refractive index at least rather than this core, said core is characterized for the mixture of the monomer or 
oligomer which has a partial saturation radical, and a polymerization initiator by photo-curing or heat-hardening. 
[0015] In the optical waveguide which invention according to claim 3 surrounds a core and this core, and has the clad 
of a low refractive index at least rather than this core, said core is characterized for the mixture of the monomer or 
oligomer which has siloxane association, and a polymerization initiator by photo-curing or heat-hardening. 
[0016] In optical waveguide given in claim 1 thru/or one term of 3, the viscosity of said mixture of invention according 
to claim 4 may be lOOOOcps or less in a room temperature. 

[0017] In order to attain the 2nd purpose of the above, moreover, invention according to claim 5 In the method of 
producing the optical waveguide which has the process which is made to harden the optical material mainly concerned 
with the raw material for cores of a photoresist with an optical exposure or heating, using the mold for molding which 
has the configuration of a desired core, .and forms a core The mold for this molding has light transmission nature, and is 
characterized by performing this optical exposure through the mold for this molding. 

[0018] By the method of producing this invention, the difference of the metal mold dimension used at the time of 
shaping and the imprint dimension of the macromolecule part after shaping can be made as small as possible by using 
the ingredient hardened even if it does not need an elevated temperature so much using the polymeric materials of the 
type hardened with light or heat, even when applying especially heat. 

[0019] Moreover, since the structure of the ingredient of the type hardened with light or heat also has an epoxy ring, a 
partial saturation radical, silicone, etc. by the method of producing the optical waveguide of this invention, there is little 
hardening contraction. For this reason, the difference of the metal mold dimension used at the time of shaping and the 
imprint dimension of the macromolecule part after shaping can be made small. 

[0020] Furthermore, by the method of producing the optical waveguide of this invention, optical waveguide and the V 
groove for laying an optical fiber are producible by one by making structure of the mold for shaping used into a 
specific thing. Thereby, precision is improved by the optical coupling of optical waveguide and an optical fiber simple. 
[0021] 

[Example] Hereafter, the example of this invention is explained to a detail with reference to a drawing. 

[0022] First, one example of the method of producing the optical waveguide of this invention is explained for (a) - (e) 

of drawing 1 . 

[0023] As shown in (a) of drawing 1 , the spreading layer 2 is formed with means, such as a spin coat and dipping, on 
the substrate 1 processed into the desired configuration. As an ingredient which forms this spreading layer 2, a room 
temperature can show a fluidity, and it can harden for example, by the below-mentioned optical exposure, and the 
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monomer or oligomer which moreover has the comparatively small property of hardening contraction can be 
mentioned. 

[0024] Next, as shown in (b), the mold 3 for shaping which has long heights 3 a of a desired configuration on the 
spreading layer 2 is put. This mold 3 is formed by this example from the ingredient which penetrates at least the light 
(ultraviolet rays) of the wavelength used for stiffening the above-mentioned spreading layer 2. Hardening film 5a 
which irradiates the light 4 of the above-mentioned transmitted wave length from this type 3 of upper part, is made to 
harden the spreading layer 2, and becomes a lower clad is formed. Of course, the above-mentioned spreading layer 2 
may be heated and stiffened at predetermined temperature at the time of an optical exposure. 

[0025] Next, if a mold 3 is removed as shown in (c), the slot of the configuration corresponding to long heights 3a of a 
mold 3 and a dimension will be exposed in the upper part of hardening film 5a, core materials will be held in the 
Mizouchi, and the core-materials layer 6 will be formed. The monomer or oligomer which a refractive index becomes 
high as these core materials 6 rather than hardening film 5a which is a lower clad at the time of hardening, and shows a 
fluidity at a room temperature can be mentioned. 

[0026] In this process (c), although the ingredient which Mizouchi is made to harden with an optical exposure or 
heating is inserted, since processes, such as dry etching, are needed for removing that surplus part after hardening, the 
viscosity of the ingredient inserted in a slot has lOOOOcps or less desirable [ it is difficult for the viscosity of that 
ingredient to insert only all over a slot with an ingredient lOOOOcps or more, and ]. 

[0027] Next, as shown in (d), the core-materials layer 6 is again stiffened by the optical exposure 4, and it considers as 
the hardening film 7. Of course, the above-mentioned core-materials layer 6 may be heated and stiffened at 
predetermined temperature at the time of an optical exposure. Under the present circumstances, when there is a surplus 
part of the core-materials layer 6 overflowing from a slot, dry etching etc. removes. 

[0028] Next, as shown in (e), after applying the same ingredient as the spreading layer 2 on the hardening film 5 and 7, 
the optical element 8 of a waveguide mold to have formed hardening film 5b which becomes an up clad by optical 
exposure, and have consisted of a core and a vertical clad can be obtained. 

[0029] Next, the modification of the above-mentioned example is explained with reference to drawing 2 . 
[0030] First, (a) of drawing 2 shows the same condition as (a) of drawing 1 . In this modification, without using the 
mold 3 which has long heights 3a in (b) of drawing 1 , as shown in (b) of drawing 2 , it is referred to as hardening film 
5a which is made to harden the spreading layer 2 with an optical exposure or heating, and becomes a lower clad. On the 
other hand, core materials are held in long crevice 9a formed in the upper part of a mold 9, and the core-materials layer 
6 is formed. The monomer or oligomer which shows a fluidity at the room temperature which becomes higher [ a 
refractive index ] than hardening film 5a can be mentioned like the above-mentioned as these core materials at the time 
of hardening. As these core materials were also mentioned above, in consideration of the insertion difficulty to 
Mizouchi etc., that viscosity has desirable lOOOOcps or less. 

[0031] Next, as shown in (c), a substrate 1 is carried on a mold 9 in the condition of having turned hardening film 5a 
down, if a mold 9 is transparency, from the lower part of a mold 9, it will Mitsuteru-put, or will heat, the core-materials 
1 layer 6 will be stiffened, and the core ridge 10 will be formed. If a mold 9 is removed, as shown in (d), it will expose so 
that the core ridge 10 may project on hardening film 5a. Next, the ingredient which forms the spreading layer 2 on this 
core ridge 10 and hardening film 5a, and the same ingredient are applied, and hardening film 5b which is stiffened with 
an optical exposure or heating and becomes an up clad is formed. Through such each process, as shown in (e), the 
optical element 8 of a waveguide mold to have consisted of a core and a vertical clad can be obtained. 
[0032] Hereafter, a concrete example is given and this invention is explained to a detail. 

[0033] (Example 1) The method of producing the optical waveguide of this invention is explained. It is the production 
procedure which was shown in drawing 3 . 

[0034] First, as shown in (a), a substrate 21 is prepared, on this, an epoxy system UV monomer (viscosity of lOOOcps) 
is applied as a charge of a lower clad plate with a spin coat method, and the spreading layer 22 is formed. The principal 
component of this spreading ingredient is the following general formula [0035]. 



[0036] It is the general formula [0037] of whether it is expressed with (here, n is zero or more integers), and a degree. 
[Formula 2] 




[Formula 1] 
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[0038] It is come out and expressed. On this spreading layer 22, as shown in (b), the vitreous mold 24 is put. This mold 
24 has with width-of-face [ of 10 micrometers ], height [ of 10 micrometers ], and a die length of 50mm heights 24a to 
that down side. Where a mold 24 is put on the spreading layer 22, photo-curing of the spreading layer 22 is carried out 
by UV irradiation 25, and as shown in (c), lower clad 23a of waveguide is formed (a refractive index n= 1.51, 
wavelength of 1.31 micrometers). On this lower clad 23a, a crevice is formed according to the configuration of heights 
24a of a mold 24. 

[0039] Next, as shown in (d), in the crevice of this lower clad 23 a, it has the same principal component as the principal 
component of the ingredient which forms the spreading layer 22, the epoxy system UV monomer ingredient (viscosity 
of lOOcps) used as core materials is inserted, and the core-materials layer 26 is formed. Under the present 
circumstances, if the viscosity of the monomer of core materials chooses a thing lOOcps or less, it can insert only in a 
slot (crevice) mostly and the removal process of the overflowing ingredient can be skipped. 
[0040] Next, as shown in (e), photo-curing of the core-materials layer 26 of a monomer is carried out by UV 
irradiation, and a core 27 is formed. This core 27 has width of face of 7 micrometers, and a dimension with a height of 
7 micrometers (a refractive index n= 1.52, wavelength of 1.31 micrometers). 

[0041] Next, as shown in (f), on a core 27 and lower clad 23a, apply the epoxy system UV monomer which is the same 
ingredient as the ingredient which forms the spreading layer 22, it is made to harden by UV irradiation, and up clad 23b 
is formed. Thereby, the optical waveguide 28 which consisted of a core and a vertical clad is producible. 
[0042] Waveguide loss was 0.3 dB/cm when waveguide loss was measured using LD light source (wavelength of 1.31 
micrometers) about the obtained optical waveguide 28. 

[0043] (Example 2) Waveguide loss was 0.1 dB/cm when the optical element of a waveguide mold was produced by 
the same producing method as an example 1 except having used the monomer which has the following partial 
saturation radical as a principal component of core materials and the charge of a vertical clad plate (the clad refractive 
index n= 1.47, the core refractive index n= 1.48, core width of face of 7 micrometers, height of 7 micrometers). 
[0044] 
[Formula 3] 



ch = ch 
I 

CO 



[0045] 
[Formula 4] 



CH = CH 



[0046] (Example 3) When the optical element of a waveguide mold was produced by the same producing method as an 
example 1 except having used the monomer which has the following siloxane association as a principal component of 
core materials and the charge of a vertical clad plate, waveguide loss was 0.1 dB/cm (wavelength of 1.3 micrometers), 
and 0.5 dB/cm (wavelength of 1.55 micrometers) (the clad refractive index n= 1.50, the core refractive index n= 1.51, 
core width of face of 7 micrometers, height of 7 micrometers). In addition, although the monomer which has siloxane 
association is expressed with the following general formula, n is the natural number among a formula. 




CF 



(CF 3 ) 2 



[0047] 
[Formula 5] 
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OH 



~i f 1 — °)ir 0H 




[0048] 
[Formula 6] 




OH ¥— Si 



OH 



OH 



[0049] (Example 4) The method of producing V fluting waveguide by this invention approach is explained. It is the 
production procedure which was shown in drawing 4 . 

[0050] First, as shown in (a), a substrate 30 is prepared, on this, an epoxy system UV monomer is applied and the 
spreading layer 31 is formed. 

[0051] On the other hand, as shown in (b), the vitreous mold 32 is prepared. This mold 32 has the V character 
configuration heights 33 to a part of that down side. These heights 33 have 60 degrees of aperture angles, height of 150 
micrometers, width of face of 170 micrometers, and a dimension with a die length of 20mm. 
[0052] Next, as shown in (c), a mold 32 is put on the spreading layer 31, from the upper part of a mold 32, UV light 
source performs UV irradiation 34, it exposes, photo-curing is carried out, and lower clad (refractive-index n= 1.51, 
wavelength of 1.31 micrometers) 35a is formed. The spreading layer 31 is hardened according to the convex 
configuration of the mold 32 bottom, and V groove 36 is formed in the top face of lower clad 35a. This V groove 36 
has the aperture angle of 60 degrees, height of 150 micrometers, and a dimension with a die length of 20mm. 
[0053] On the other hand, as shown in (d), other molds 37 are prepared. The heights 33 of a mold 32 and the heights 38 
of this dimension are formed in this type 37 of bottom, and the rill section 39 prolonged along the die-length direction 
of heights 38 from the edge of the central site of these heights 38 is formed in it. This rill section 39 has a depth of 10 
micrometers, width of face of 10 micrometers, and a dimension with a die length of 40mm. 

[0054] Next, as shown in (e), while inserting the epoxy system UV monomer 300 used as a core in the rill section 39 of 
a mold 37, as shown in (c), lower clad 35a of a substrate 30 is stuck. Subsequently, as shown in (f), an optical exposure 
is carried out from the lower part of a mold 37, and a monomer 300 is stiffened, and where the core ridge 301 is stuck 
on lower clad 35a, it forms. Under the present circumstances, by doubling correctly V groove 36 and the V character 
configuration heights 38 of a mold 37 which were formed on lower clad 35a, as shown in (f), the core ridge (a 
refractive index n= 1.52, wavelength of 1.31 micrometers) 301 with a width of face [ of 10 micrometers ] arid a height 
of 10 micrometers is produced according to the location of V groove 36. 

[0055] Next, as shown in (g), apply the epoxy system UV monomer 31 again, it is made to harden by optical exposure, 
and up clad 35b is formed. Thereby, V fluting waveguide 302 containing the core ridge 301 and the vertical clads 35a 
and 35b is producible. Although an optical fiber is fixable to V groove 36 of this waveguide 302, since V groove 36 is 
formed in the core ridge 301 and one, on the occasion of the optical coupling of that optical fiber and core ridge 301, 
that positioning can be easily performed by low connection loss. In addition, in this example, although the V groove 
was used as the shape of a quirk which inserts an optical fiber, if it is the configuration which can insert an optical 
fiber, of course, you may not be a V groove. 

[0056] The appearance of the obtained waveguide 302 is shown in (h) of drawing 4 . When the optical fiber was fixed 
to this V groove 36 and waveguide loss was measured using LD light source (wavelength of 1 .3 1 micrometers), 
connection loss with a fiber was 0.2dB, and waveguide loss was 0.3 dB/cm. 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web__cgi_ejje 6/16/2007 



• JP,08-271746,A [DETAILED DESCRIPTION] 



Page 6 of 6 



* [Q057] In addition, although the example of production of the optical waveguide using a photo-curing agent was shown 
also in any of the above-mentioned example, when carrying out a polymerization with heat, same production can be 
performed by changing the class of polymerization initiator. 
[0058] 

[Effect of the Invention] According to this invention, as explained above, it is producible cheaply and simple, and 
moreover, it is waveguide, especially the waveguides for single modes, such as a highly efficient optical element, and 
the optical waveguide in which optical coupling is possible can be easily offered by low loss with the optical 
components of others [ the alignment precision below several micrometer order ]. 

[0059] Moreover, according to this invention, since optical waveguide and the slot for optical fiber immobilization are 
established in one, it is accurate and optical coupling of the optical fiber and optical waveguide which were fixed to the 
slot can be performed by low loss simple.. 



[Translation done.] 
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